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(54) RARE-EARTH MAGNET MATERIAL, ITS MANUFACTURE, AND RARE-EARTH BOND 
MAGNET USING IT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a magnet material having a peculiar large coercive force 
which has a small temperature coefficient by forming a crystalline structure containing 
monoclinic and/or hexagonal R3(Fe, M, B)29Ny as a main phase by using an R-Fe-B-N magnet 
material having a specific ratio of components. 

SOLUTION: A rare-earth magnet material has a composition of RaFe100-(a+p+Y+8)MpByN5 
containing monoclinic and/or hexagonal R3(Fe, M, B)29Ny as a main phase. The R and Y 
respectively represent one or two or more kinds of rare-earth elements including Y and one or 
two or more kinds of elements selected from among Al, Tt, V, Cr t Mn, Cu, Ga, Zr, Nb, Mo, Hf, Ta f 
and W and the a, p, y, and 5 are atomic percentages respectively set at 5<<x<18 f 1<p<50, 0.1 <y< 
5 f and 4<8<30. Therefore, a rare-earth magnet material and a bond magnet having high Curie 
temperatures and high thermal stability can be obtained. 
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CLAIMS 



[Claim(s)] 

[Claim l] A component presentation is RalphaFelOO-(alpha+beta+gamma+delta) 
MbetaBgammaNdelta. R3 (Fe, M, B)29Ny with the monoclinic system and/or hexagonal 
crystal structure is included as a main phase. Said R is any one sort of the rare earth 
elements including Y, or two sorts or more. It is the rare earth magnet ingredient which 
said M consists of any one sort of aluminum, Ti, V, Cr, Mn, Cu, Ga, Zr, Nb, Mo, Hf, Ta, 
and the W, or two sorts or more, and is characterized by the range following with atomic 
percent having Above alpha, beta, gamma, and delta. 

5<=alpha<=181<=beta<=500.K=gamma<=54<=delta<=30 - [Claim 2] A component 
presentation is RalphaFelOO-(alpha+beta+gamma+delta+epsilon+zeta) 

MbetaBgammaNdeltaHepsilonOzeta. R3 (Fe, M, B)29Ny with the monoclinid system 
and/or hexagonal crystal structure is included as a main phase. Said R is any one sort of 
the rare earth elements containing Y, or two sorts or more. It is the rare earth magnet 
ingredient which said M consists of any one sort of aluminum, Ti, V, Cr, Mn, Cu, Ga, Zr, 
Nb, Mo, Hf, Ta, and the W, or two sorts or more, and is characterized by the range 
following with atomic percent having Above alpha, beta, gamma, delta, epsilon, and 
zeta. 

5<=alpha<=181<=bete<=500.1<=gamma<=54<^delta<=300.5<^psilon<=101<=zeta<= 
5 ■ [Claim 3] The rare earth magnet ingredient according to claim 1 or 2 characterized 
by permuting 0.01 - 30 atom % of Fe component with Co and/or nickel. 
[Claim 4] The rare earth magnet ingredient according to claim 1 to 3 characterized by 
more than 50 atom % of R component being Sm. 

[Claim 5] The rare earth magnet ingredient according to claim 1 to 4 with which mean 
particle diameter of a rare earth magnet ingredient is characterized by 20-micrometer 
or more being 500 micrometers or less. 

[Claim 6] The rare earth magnet ingredient according to claim 1 to 5 characterized by 



having the organization where M element or M compound deposited in the crystal grain 
of an R3 (Fe, M, B)29Ny phase. 

[Claim 7] The rare earth magnet ingredient according to claim 1 to 6 characterized by 
the rate of an abundance ratio of the R3 (Fe, M, B)29Ny phase in a rare earth magnet 
ingredient being more than 60 volume %. 

[Claim 8] The rare earth magnet ingredient characterized by the proper coercive force 
GHc) in 25 degrees C being 8 or more kOes while it is the rare earth magnet ingredient 
with which it is combined by a giant-molecule polymer, a pure metal, or the alloy, and 
the magnet powder constitutes a bond magnet and the temperature coefficient (eta) of 
the proper coercive force (iHc) in 25-100 degrees C of said magnet powder is -0.45 or 
more. 

[Claim 9] A component presentation is RalphaFelOO-(alpha+beta+gamma+delta) 
MbetaBgammaNdelta. R3 (Fe, M, B)29Ny with the monoclinic system and/or hexagonal 
crystal structure is included as a main phase. Said R is any one sort of the rare earth 
elements including Y, or two sorts or more. Said M aluminum, Ti, V, Cr, Mn, Cu, Ga, Zr, 
Nb, Mo, it consists of any one sort of Hf, Ta, and the W, or two sorts or more. Above 
alpha and beta, gamma and delta the powder of the rare earth magnet ingredient in the 
range following with atomic percent A macromolecule polymer, It is the rare earth bond 
magnet combined with either binder of a pure metal and an alloy. The rare earth bond 
magnet characterized by the coercive force (bHc) in 25 degrees C being 6 or more kOes 
while the temperature coefficient (eta) of the proper coercive force GHc) in 25-100 
degrees C of said bond magnet is 0.45 or more. 

5<=alpha<=18K=beta<=500.K=gamma<=54<=delta<=30 - [Claim 10] A component 
presentation is RalphaFel00-(alpha+beta+gamma+delta+epsilon+zeta) 

MbetaBgammaNdeltaHepsilonOzeta. R3 (Fe, M, B)29Ny with the monoclinic system 
and/or hexagonal crystal structure is included as a main phase. Said R is any one sort of 
the rare earth elements containing Y, or two sorts or more. Said M aluminum, Ti, V, Cr, 
Mn, Cu, Ga, Zr, Nb, Mo, It consists of any one sort of Hf, Ta, and the W, or two sorts or 
more. Above alpha and beta, gamma, delta, epsilon, and zeta the powder of the rare 
earth magnet ingredient in the range following with atomic percent It is the rare earth 
bond magnet combined with one binder of a giant-molecule polymer, a pure metal, and 
an alloy. The rare earth bond magnet characterized by the coercive force (bHc) in 25 
degrees C being 6 or more kOes while the temperature coefficient (eta) of the proper 
coercive force (iHc) in 25-100 degrees C of said bond magnet is -0.45 or more. 
5<=alpha<=l8l<=beto<=500.1<^amma<=54<=delta<=300.5<=epsilon<=101<=zeta<= 
5 -- [Claim ll] A component presentation is RalphaFelOO(alpha+beta+gamma+delta) 



MbetaBgammaNdelta. R3 (Fe, M, B)29Ny with the monoclinic system and/or hexagonal 
crystal structure is included as a main phase. Said R is any one sort of the rare earth 
elements including Y, or two sorts or more. Said M consists of any one sort of aluminum, 
Ti, V, Cr, Mn, Cu, Ga, Zr, Nb, Mo, Hf, Ta, and the W, or two sorts or more, and Above 
alpha, beta, gamma, and delta is faced manufacturing the rare earth magnet ingredient 
in the range following with atomic percent. The manufacture approach of the rare earth 
magnet ingredient characterized by homogenizing at 700- 1250 degrees C before 
nitriding treatment. 

5<=alpha<=18K=beta<=500.K=gamma<=54<=delta<=30 - [Claim 12] A component 
presentation is RalphaFelOO*(alpha+beta+gamma+delta+epsilon+zeta) . 

MbetaBgammaNdeltaHepsilonOzeta. R3 <Fe, M, B)29Ny with the monoclinic system 
and/or hexagonal crystal structure is included as a main phase. Said R is any one sort of 
the rare earth elements containing Y, or two sorts or more. Said M aluminum, Ti, V, Cr, 
Mn, Cu, Ga, Zr, Nb, Mo, It is the manufacture approach of the rare earth magnet 
ingredient characterized by consisting of any one sort of Hf, Ta, and the W, or two sorts 
or more, facing Above alpha, beta, gamma, delta, epsilon, and zeta manufacturing tlie 
rare earth magnet ingredient in the range following with atomic percent, and 
homogenizing at 700*1250 degrees C before nitriding treatment. 

5<=alpha<=181<=bete<=500.1<=gamma<=54<=delta<=300.5<==epsilon<=101<=zeta<= 
5 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the rare earth bond magnet which used 

a rare earth magnet ingredient, its manufacture approach, and it. 

[0002] 

[Description of the Prior Art] Although the Nd-Fe-B system magnetic powder which 
super-quenched as magnetic powder for rare earth bond magnets is conventionally used 
abundantly, Curie temperature is as low as 300-degree-C order, and since the 
temperature coefficient (eta) of proper coercive force (it is henceforth described as iHc) is 
large, the use in an elevated temperature has been restricted. While when Sm2Fel7 
compound carries out occlusion of the nitrogen recently shows the Curie temperature of 
470 degrees C with no less than 160 degrees C higher than a Nd2Fel4B compound, 
being set to 260kOe(s) to which the anisotropy field also far exceeds the anisotropy field 
(75kOe) of a Nd2Fel4B compound is reported, and industrialization is considered as 
magnetic powder for bond magnets. Although nitride Sm2Fel7Nx of Sm2Fel7 is 
produced by gas nitriding etc., unless it sets particle size of Sm2Fel7Nx magnetic 
powder to about several micrometers, while the high coercive force of 5 or more kOes is 
not acquired, since the magnetic powder of this particle size oxidizes easily, and that 
magnet property is degraded and it is accompanied by the danger of the ignition 
accompanying rapid oxidation, now, it is difficult to put in practical use. Since particle 
size is several micrometers, in case this Sm2Fel7Nx magnetic powder is pressed into a 
bond magnet, it has the problem that a moldability both reduces working efficiency 
remarkably very bad as if a Plastic solid consistency cannot be raised and the rare earth 
bond magnet of a high energy product cannot be obtained. Moreover, although it is 
reported that high coercive force is acquired by the special manufacture approaches, 
such as the mechanical alloying method, although this approach is suitable for low 



production of a laboratory scale, since it is inferior in respect of a cost performance, it 
has not resulted in mass production. Furthermore, although the NdCFe, M)l2Nx alloy 
(M is transition metals, such as V, Ti, Mn, and Mo) with the crystal structure of ThMnl2 
mold, the SmFe7Nx alloy with the crystal structure of TbCu7 mold, etc. are examined 
besides the Sm2Fel7Nx nitride, it is not inadequate in respect of magnetic properties, 
or is not put in practical use in the reasons of productivity becoming high cost bad. 
[0003] Collocott and others - the beginning - Proc. 12th Int. Workshop on RE Magnets 
and Applications Canbera pp.437- 444 and 1992 (unpublished) It is suggested that R3 
(Fe, M) 29 reported alloy is also promising as a permanent magnet ingredient since the 
nitride R3 (Fe, M)29Ny shows uniaxial magnetic anisotropy. It is Bo-Ping by pulverizing 
the Sm3 (Fe, Ti)29Ny alloy of this alloy system to the mean particle diameter of 15 
micrometers with a ball mill that coercive force is heightened. Hu et It is reported by al. 
(J. Phys.:Condens.Matter 6(1994) L197 L200). However, since the mean diameter is as 
small as 15 micrometers, this thing is also difficult for lack of a Plastic solid consistency 
and a moldability putting in practical use as magnetic powder for bond magnets in bad 
reasons. On the other hand, it is Margarian. et It is reported that al. will disassemble 
R3 (Fe, M) 29 alloy of a J.Appl.Phys.76 (1994) 6135-6155 smell lever into other very 
unstable phases at 900- 1000 degrees C. Therefore, this R3 (Fe, M) 29 alloy can be said 
to be the phase which exists in stability only at an elevated temperature. This is 
checked also by experiment of this invention persons, and if it adds further, it will be 
very difficult to obtain the single phase of this R3 (Fe, M) 29 alloy, and will very be easy 
to generate R (Fe, M) alloy and the Fe M alloy which have the crystal structure of 
ThMnl2 mold or Th2Znl7 mold. 

[0004] Moreover, it is indicated that high coercive force is acquired in the end of coarse 
powder by introducing N or C using this R3 (Fe, M) 29 alloy in JP,8"111305,A. By using 
ammonia gas or methane and performing nitriding or carburization processing, after 
producing R3 (Fe, M) 29 hardener, to the Sm2Fel7 above-mentioned compound N, N 
and C extend the distance between grids of R3 (Fe, M) 29 phase like the time of 
introducing C, and spontaneous magnetization and Curie temperature increase. That is, 
installation of N or C is made in order to extend the distance between grids, and this 
purpose can also attain independent addition of each element. Although how to 
introduce back N which made the hardener contain C is also considered when using 
both N and C, in JP,8- 111305, A, the role which C is contained in the hardener before 
nitriding treatment, and is made to stabilize R3 (Fe, M, C) 29 phase by it, or raises the 
rate of R3 (Fe, M, C) 29 phase in a hardener is not played. 
[0005] 



[Problem(s) to be Solved by the Invention] Since it is necessary to make the temperature 
coefficient (eta) of iHc small while making the absolute value of iHc high, in order to 
improve the thermal resistance of a bond magnet, while an anisotropy field is large, 
rare earth magnet powder with a high Curie temperature is required. Although the 
R-Fe-N system alloy is expected as an ingredient with the small temperature coefficient 
(eta) of iHc since an anisotropy field is larger than the conventional Nd-Fe;B system 
alloy and Curie temperature is high as mentioned above For obtaining high iHc of 5 or 
more kOes with a R-Fe-N system alloy, it is necessary to make it the shape of several 
micrometers fines as above-mentioned. It is easy to oxidize, and this impalpable powder 
is unstable and a moldability is still very worse [ impalpable powder ] while it cannot 
fully raise the Plastic solid consistency of a bond magnet in 6 usually used by industrial 
production - about two 10 ton/cm compacting pressure and cannot gain a high energy 
product. It is offering the rare earth magnet ingredient which was excellent in thermal 
stability with the small temperature coefficient (eta) of iHc compared with the former 
based on the above-mentioned conventional problem while the technical problem of this 
invention had large iHc, its manufacture approach, and the rare earth bond magnet 
using it. Wholeheartedly, as a result of examination, according to this invention, this 
invention persons are what developed original magnet powder with high anisotropy 
field arid Curie temperature to bond magnets, and it is high iHc as it is also in the end of 
coarse powder where particle size is large, and they have the outstanding features that 
a rare earth magnet ingredient with the small temperature coefficient (eta) of iHc can 
be offered. That is, completely unlike an operation of above-mentioned C and N, the role 
of B in this invention dissolves to the main phase, and contributes to stabilization of R3 
(Fe, M, B) 29 phase. Compared with the nitride of the conventional R3 (Fe, M) 29 main 
phase, iHc is size by introducing N into that hardener, and a hardener can be ideally 
constituted firom this phase single phase, while the temperature coefficient (eta) of iHc 
is smallness, Curie temperature is as high as about 480**20 degrees C, and the rare 
earth magnet ingredient and rare earth bond magnet of a high energy product can be 
offered. 
[0006] 

[Means for Solving the Problem] this invention persons are the purposes which secure 
the good oxidation resistance of the rare earth magnet powder used for the shaping ease 
and it in the forming cycle of a bond magnet, and a high magnet property. The result of 
having considered wholeheartedly the presentation which added the additive to various 
R-Fe-N system alloys in order that mean particle diameter might obtain high iHc and 
high saturation magnetization, and the R-Fe-N system magnet powder which has the 



low temperature coefficient (eta) of iHc with coarse powder 20 micrometers or more, It 
came to accomplish header this invention for the R Fe M B N system magnet ingredient. 
Namely, the component presentation of this invention is 
RalphaFelOO (alpha+beta+gamma+delta) MbetaBgammaNdelta. R3 (Fe, M, B)29Ny 
with the monoclinic system and/or hexagonal crystal structure is included as a main 
phase. Said R is any one sort of the rare earth elements including Y, or two sorts or more. 
Said M consists of any one sort of aluminum, Ti, V, Cr, Mn, Cu, Ga, Zr, Nb, Mo, Hf, Ta, 
and the W, or two sorts or more, and Above alpha, beta, gamma, and delta is rare earth 
magnet ingredients characterized by being in the range following with atomic percent. 
5<=alpha<=18K=beta<=500.K=gamma<=54<=delta<=30 [0007] The mixture of two or 
more sorts of rare earth elements, a misch metal, didym, etc., may be used that what is 
necessary is just to include any one sort of Y, La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, 
Tm, Yb, and the Lu, or two sorts or more as the above-mentioned rare earth elements R. 
As desirable rare earth elements R, it is any one sort of Y, Ce, Pr, Nd, Sm, Gd, Dy, and 
the Er, or two sorts or more, and is any one sort of Y, Ce, Pr, Nd, and Sm, or two sorts or 
more still more preferably, and especially a desirable thing is Sm. Here, impurity 
elements, such as O, H, C, aluminum, Si, Na, Mg, calcium, etc. as which available 
purity is sufficient and by which mixing on manufacture is not avoided by industrial 
production, may contain rare earth elements R. The rare earth magnet ingredient of 
this invention does 5*18 atom % content of R component. Since the deposit of the soft 
magnetism phase containing many iron components will be promoted, iHc will fall, if R 
component becomes under pentatomic %, nonmagnetic R rich compound will deposit 
and saturation magnetic flux density will be reduced if 18 atom % is exceeded, it is not 
desirable. Still more desirable R component range is six to 12 atom %. 
[0008] As for Fe, it is desirable to contain more than 47 atom %. Fe becomes [ saturation 
magnetization ] small and is not desirable at under 47 atom %. 

[0009] The above-mentioned M element is effective in raising the decomposition 
temperature at the time of nitriding so that R3 (Fe, M, B) 29 phase may be later made it 
stabilized and mentioned under coexistence with B element. Although the additions of 
M element made to require for generating R3 (Fe, M, B) 29 phase differ for every class of 
M element, if either of M element is added exceeding 50 atom %, the yield of R(Fe, M, 
B)l2 phase which has the crystal structure of ThMnl2 mold will become large, and iHc 
will fall rapidly. The yield of R2 (Fe, M, B) 17 phase in which M element has the crystal 
structure of Th2Znl7 mold under by 1 atom % becomes large, the rate of an abundance 
ratio of R3 (Fe, M, B) 29 phase falls relatively, and neither has it. [ desirable ] Therefore, 
the desirable addition of M element is one to 50 atom %. An element desirable among M 



elements is any one sort of Ti, Mn, Cr, Zr, and the V, or two sorts or more. Although M 
element is indispensable for generating R3 (Fe, M, B) 29 phase, R3 (Fe, M) 29 phase 
which does not contain B is unstable as above-mentioned, and since it is easy to 
decompose into other phases at the time of homogenization or nitriding treatment, it is 
very difficult [ it ] to obtain the rare earth magnet powder of R3 (Fe, M)29Ny phase 
single phase. 

[0010] Since the generation ratio of nitride R3 (Fe, M)29Ny is low even if it will nitride, 
if the rate of R3 (Fe, M) 29 phase in the hardener with which nitriding is presented is 
low, a good magnet property cannot be acquired. In consideration of this point, thi6 
invention persons found out that R3 (Fe, M, B) 29 desirable stable phase near the single 
phase more than 75 volume % was obtained more than 60 volume %, when Above B and 
M element lived together. Therefore, in the hardener before nitriding treatment, the 
abundance of R3 (Fe, M, B) 29 please can be raised by leaps and bounds, since it is 
markedly alike and increases compared with the case where R3 (Fe, M) 29 phase in 
which the abundance of the R3 (Fe, M, B)29Ny phase occupied in the rare earth magnet 
ingredient after nitriding treatment does not contain the conventional B is nitrided, it 
becomes possible high flux density and to generate high coercive force. In this invention, 
the desirable content of B is 0.1 * pentatomic %. Since an R3 (Fe, M, B)29Ny nitride 
phase will become unstable and it will become easy to decompose to other phases if B 
exceeds under 0.1 atom % and pentatomic %, it is not desirable. That is, the operation 
which stabilizes R3 (Fe, M, B) 29 phase is demonstrated when it is in the range of the 
above-mentioned B addition. The effectiveness by B addition of such a minute amount is 
not known until now. for example, about the solid-solution limit when adding B, C, and 
N to Sm2Fel7 alloy H. Horiuchi et According to the report of al (J. AUoys.Comp.222 
(1995) 131 135), C About 7 atoms %, B dissolves only to about 1 atom % to N dissolving 
to about 14 atoms %, but the flare of the grid by dissolution of B and the rise of Curie 
temperature are made very small. These considered each of C, N, and B as an element 
of an invasion mold, and aimed at the escape of the distance between grids by 
installation of these elements, and the technique of attaining stabilization of the 
above-mentioned main phase by B addition of a minute amount like this invention was 
not found out until now. The coexistence effectiveness of B and M element in this 
invention raises the abundance of R3 (Fe, M, B) 29 phase in a hardener as 
above-mentioned, and has the effectiveness which controls the decomposition to other 
phases, such as alphaFe, in homogenization or nitriding treatment. For example, in the 
former, the range is [ whenever / stoving temperature / with R3 (Fe, M) 29 stable phase ] 
narrow in homogenization. Moreover, the nitriding phase once generated when the case 



where nitriding temperature is high, and long duration nitriding were performed : 
although R3 (Fe, M)29Ny is unstable and the coercive force of the magnet ingredient 
with which alphaFe etc. might be generated declines greatly In the case of this 
invention, the range of large homogenization temperature and nitriding temperature is 
employable by carrying out optimum dose addition of the B, and it is effective also in 
stabilization of improvement in productivity, and the magnet quality of a rare earth 
magnet ingredient. Furthermore, since M element can be reduced conventionally, it also 
has the effectiveness that saturation magnetic flux density (residual magnetic flux 
density), i.e., an energy product, increases, at the same time it spreads compared with 
the case where the content range of M element contributed to stabilization of R3 (Fe, M, 
B) 29 phase is R3 (Fe, M) 29 conventional phase, by B addition. 

[0011] As for the nitrogen N introduced into R3 (Fe, M, B) 29 phase, it is desirable to 
consider as four to 30 atom %. It is difficult to raise coercive force under by 4 atom %, if 
magnetization exceeds 30 atom % while Nitrogen N becomes low. The content of more 
desirable nitrogen N is ten to 20 atom %. 

[0012] Moreover, while it is desirable to permute 0.01 - 30 atom % of Fe with Co and/or 
nickel and Curie temperature rises by installation of Co and/or nickel, it is effective in 
the temperature coefficient (eta) of iHc and oxidation resistance improving. The more 
desirable range of the amount of Fe permutations by Co and/or nickel is one to 20 
atom %. If the amount of permutations exceeds 30 atom %, while inviting saturation 
magnetic flux density and the remarkable fall of iHc, the addition effectiveness of Co 
and/or nickel is not accepted under by 1 atom %. 

[0013] By setting 70% or more to Sm preferably more than 50 atom % of R component of 
this invention, since it is conspicuous and high iHc is obtained, it is desirable. Moreover, 
it is desirable to set mean particle diameter of the rare earth magnet ingredient of this 
invention to 20-500 micrometers. It produces the fault by which a nitride is not formed 
in a powder particle at homogeneity that the diffusion length of nitrogen tends to 
become inadequate to a powder particle with big particle diameter on the usual 
nitriding conditions and is not desirable, if quality degradation and moldability 
degradation by oxidation become remarkable and exceed 500 micrometers in less than 
20 micrometers. The range of more desirable mean particle diameter is 30-400 
micrometers. Moreover, when it has the organization where M element or M compound 
deposited in the crystal grain of an R3 (Fe, M, B)29Ny phase, the temperature 
coefficient (eta) of high iHc and low iHc can be obtained. 

[0014] moreover, the rate of an abundance ratio of the R3 (Fe, M, B)29Ny phase 
[ according to this invention ] in a rare earth magnet ingredient - 60 volume % the 



thing of 75 volume % can be offered easily preferably. 

[0015] Moreover, this invention is a rare earth magnet ingredient with which it is 
combined by a giant-molecule polymer, a pure metal, or the alloy, and the magnet 
powder constitutes a bond magnet, and it is a rare earth magnet ingredient 
characterized by the proper coercive force (iHc) in 25 degrees C being 8 or more kOes 
while the temperature coefficient (eta) of the proper coercive force (iHc) in 25-100 
degrees C of said magnet powder is -0.45 or more. 

[0016] Moreover, the component presentation of this invention is 
RalphaFe 100-(alpha+beta+gamma+delta+epsilon+zeta) 

MbetaBgammaNdeltaHepsilonOzeta. R3 (Fe, M, B)29Ny with the monoclinic system 
and/or hexagonal crystal structure is included as a main phase. Said R is any one sort of 
the rare earth elements containing Y, or two sorts or more. Said M consists of any one 
sort of aluminum, Ti, V, Cr, Mn, Cu, Ga, Zr, Nb, Mo, Hf, Ta, and the W, or two sorts or 
more, and Above alpha, beta, gamma, delta, epsilon, and zeta is rare earth magnet 
ingredients characterized by being in the range following with atomic percent. 
1- pentatomic % By adjusting performing hydrogen processing at a process until It 
presents nitriding, and grinding grain size, the rare earth magnet ingredient of 
5<=alpha<=181<=beta<=500.1<=gamma<=54<=delta<=300.5<^psUon<=101<=^eta<= 
5 this invention can include 0.5 to 10 atom %, and/or Oxygen O for Hydrogen H in the 
last nitriding magnetism powder. When hydrogen is 0.5-10 atom % Included, it is 
effective in raising the effectiveness of nitriding. This is considered because nitrogen 
can be spread in R3 (Fe, M, B) 29 phase in a short time in order that nitrogen may 
replace the hydrogen which has already existed in R3 (Fe, M, B) 29 phase. However, 
since the hydrogen diffused while saturation magnetization decreased will serve as a 
surplus if the effectiveness is not accepted under by 0.5 atom % but hydrogen exceeds 10 
atom %, it will become unstable chemically. Next, when 1- pentatomic % content of 
oxygen is done, the effectiveness which enlarges the temperature coefficient (eta) of iHc 
is accepted. Since magnetization and the fall of iHc will become remarkable if the 
effectiveness is not accepted under by 1 atom % but oxygen exceeds pentatomic %, it is 
not desirable. 

[0017] Moreover, while this invention is the rare earth bond magnet which combined the 
above-mentioned magnet powder with features with one binder of a giant- molecule 
polymer, a pure metal, and an alloy and the temperature coefficient (eta) of the proper 
coercive force (iHc) in 25-100 degrees C of said rare earth bond magnet is -0.45 or more, 
it is the rare earth bond magnet with which coercive force (bHc) in 25 degrees C is 
characterized by being 6 or more kOes. 



[0018] Moreover, the component presentation of this invention is 
RalphaFelOO (alpha+beta+gamma+delta) MbetaBgammaNdelta. R3 (Fe, M, B)29Ny 
with the monoclinic system and/or hexagonal crystal structure is included as a main 
phase. Said R is any one sort of the rare earth elements including Y, or two sorts or more. 
Said M consists of any one sort of aluminum, Ti, V, Cr, Mn, Cu, Ga, Zr, Nb, Mo, Hf, Ta, 
and the W, or two sorts or more, and Above alpha, beta, gamma, and delta is faced 
manufacturing the rare earth magnet ingredient in the range following with atomic 
percent. It is the manufacture approach of the rare earth magnet ingredient 
characterized by homogenizing at 700- 1250 degrees C before nitriding treatment. 
5<=alpha<=181<=beta<=500. K=gamma<=54<=delta<=30 [0019] Moreover, the 
component presentation of this invention is 

RalphaFelOO-(alpha+beta+gamma+delta+epsilon+zeta) 

MbetaBgammaNdeltaHepsilonOzeta. R3 (Fe, M, B)29Ny with the monoclinic system 
and/or hexagonal crystal structure is included as a main phase. Said R is any one sort of 
the rare earth elements containing Y, or two sorts or more. Said M aluminum, Ti, V, Cr, 
Mn, Cu, Ga, Zr, Nb, Mo, It is the manufacture approach of the rare earth magnet 
ingredient characterized by consisting of any one sort of Hf, Ta, and the W, or two sorts 
or more, facing Above alpha, beta, gamma, delta, epsilon, and zeta manufacturing the 
rare earth magnet ingredient in the range following with atomic percent, and 
homogenizing at 700-1250 degrees C before nitriding treatment. 
[0020] 

[Embodiment of the Invention] This invention is explained in full detail below. Although 
the rare earth magnet ingredient of this invention has the ideal thing of the single 
phase of an R3 (Fe, M, B)29Ny phase which has the monoclinic system and/or hexagonal 
crystal structure, other compounds (it is henceforth called a subphase) which are not 
contributed to the magnet property other than this main phase can be contained. 
Although the R-Fe-M-B-N system magnetism compound which has the crystal structure 
of Th2Znl7 mold, TbCu7 mold, ThMnl2 mold, etc. as this subphase may be included, as 
above-mentioned, more than 60 volume % of the content ratio of the main phase of this 
invention is desirable, and more than its 75 volume % is more desirable. Although the 
R3 (Fe, M, B)29Ny main phase is obtained when nitrogen invades between the crystal 
lattices of R3 (Fe, M, B) 29 phase which mainly constitutes all hardeners or a hardener 
and the crystal lattice expands, the crystal structure has the almost same symmetric 
property as R3 (Fe, M, B) 29 phase. For example, when the thing of a presentation of 
Sm9.4Fe84.0 B*2.0Ti4.5 is chosen by atomic % display as hardener powder, by 
introducing nitrogen, a crystal magnetic anisotropy changes from plane anisotropy to 



uniaxial anisotropy, and will become suitable as a permanent magnet ingredient. 
[0021] Although the rare earth bond magnet concerning this invention comes to harden 
the above-mentioned rare earth magnet ingredient with the binder of a giant-molecule 
polymer, a pure metal, or an alloy, well-known things, such as thermoplastics, such as 
the heat-curing resin or polyamide resin represented by an epoxy resin, phenol resin, 
etc. as a giant-molecule polymer, and EEA resin, or synthetic rubber, and natural rubber, 
can be used for it. Moreover, as a pure metal or an alloy, well-known low-melt point 
point metals and low melting alloys, such as zinc and tin, can be used. Moreover, as the 
shaping approach of a rare earth bond magnet, the well-known shaping approaches, 
such as compression molding and injection molding, are employable. 
[0022] Since a rare earth magnet ingredient with the high rate of an abundance ratio of 
the R3 (Fe, M, B)29Ny main phase is producible to easy and stability according to this 
invention While Curie temperature is highly excellent in thermal stability with about 
480**20 degrees C and rare earth magnet powder with the temperature coefficient (eta) 
of iHc with high abbreviation regularity and low iHc can be offered covering a broad 
particle size of 20-500 micrometers with mean particle diameter The isotropy of a high 
magnet property and an anisotropy bond magnet can be manufactured easily. 
[0023] Next, the typical production process of this invention is explained. 
[0024] (Adjustment of a hardener) The magnet ingredient of this invention raises the 
content ratio of R3 (Fe, M, B) 29 phase in the R-Fe-M-B system hardener with which 
nitriding treatment is presented by compound addition with B and M element. A 
R-Fe-M B system hardener is alloyed using for example, a RF solution process, an arc 
solution process, a super-quenching method, the strip cast method, the gas atomizing 
method, a reduction diffusion method, or the mechanical alloying method. Heating 
maintenance of the alloy obtained by the above-mentioned approach is carried out 
under a hydrogen ambient atmosphere, dehydrogenation treatment may be performed 
continuously, a hydride may be made to decompose, and you may make it recombine 
with a hardener phase. When a RF solution process or an arc solution process is used, in 
case the above-mentioned alloy solidifies here, the soft magnetism phase which uses 
alphaFe as a principal component tends to deposit, but since this soft magnetism phase 
becomes the factor which after nitriding treatment remains and reduces coercive force, 
it is not desirable. For suppressing generation of this soft magnetism phase, it is 
desirable to homogenize the ingoted hardener by the inside of a vacuum or the argon 
gas ambient atmosphere on the heating conditions of 700- 1250 degree-Cx 0.5 - 100 
hours. R3 (Fe, M) 29 conventional phase has the advantage which can permit the large 
homogenization temperature of 700-1250 degrees C by this invention to decomposing at 



900-1000 degrees C as above-mentioned. 

[0025] (Grinding) Although it is also possible to nitride directly the hardener lump 
which ingoted by the above-mentioned approach, or the thing which carried out 
mechanical alloying, since nitriding treatment time amount will become long if the size 
of a nitriding treatment object is large, it is desirable to perform coarse grinding and to 
nitride after coarse grinding to 500 micrometers or less with mean particle diameter. 
Coarse grinding can be performed using grinders, such as a disc mill, a bantamweight 
division mill, a jaw crasher, and a ball mill. Moreover, after carrying out occlusion of the 
hydrogen to a hardener, the approach of carrying out coarse grinding with the 
above-mentioned grinder and the approach of repeating and carrying out coarse 
grinding of the occlusion of hydrogen and the emission may be used. After coarse 
grinding, since the main phase of a homogeneous nitride can be formed into a hardener 
if it classifies and nitrides by the screen, are still more desirable. Before nitriding 
treatment, for example, 20 micrometers - less than 100 micrometers, 100 micrometers - 
less than 200 micrometers, If screen analysis is carried out like 200 micrometers - less 
than 300 micrometers, 300 micrometers - less than 400 micrometers, and 400 
micrometers - less than 500 micrometers, the magnet powder after nitriding treatment 
will have such screen analysis particle size mostly. Since the magnet powder of such 
abbreviation screen analysis particle size is employable suitably according to the 
difficulty of the moldability demanded according to a bond magnet configuration with 
the above-mentioned homogeneous nitridation effectiveness, it is suitable practically. 
Furthermore, after coarse grinding, although a magnet property will improve if it 
anneals in an argon gas ambient atmosphere or a vacuum in 500*1000 degree*Cx 0.5 - 
100 hours, this effectiveness is considered because distortion introduced by coarse 
grinding is eased. 

[0026] (Nitriding) The well-known nitriding treatment approach can be adopted in this 
invention (for example, gas nitriding, ion nitriding, etc.). Gas nitriding is explained as 
an example. Gas nitriding is a process which either, such as mixed gas of nitrogen gas, 
ammonia gas, nitrogen gas, the mixed gas of hydrogen gas and ammonia gas, and 
hydrogen gas, is contacted into the coarse -grinding powder of the above-mentioned 
hardener lump or the above-mentioned hardener, and introduces nitrogen in a crystal 
lattice. A nitriding reaction is [ whenever / choosing-above types of gas and stoving 
temperature ] controllable by heating time and gas pressure. Among these, whenever 
[ stoving temperature ] has desirable 300-650 degrees C, although it changes with 
hardener presentations. Since the once generated nitride will decompose and soft 
magnetism phases, such as alphaFe, will generate if it is not based on the class of 



hardener, and nitriding hardly advances that it is less than 300 degrees C and it 
exceeds 650 degrees C, it is not desirable. If it anneals in inert gas, such as an argon, a 
vacuum, or hydrogen gas further after nitriding for 300 600 degree-Cx 0.5 to 50 hours, 
coercive force, iHc, saturation magnetization, etc. may improve. This is considered for 
forming a nitride in homogeneity and going in that nitrogen is further spread in the 
crystal grain child of a hardener by annealing, and the rate of the nitride phase of the 
main phase increases, or a powder particle. 

[0027] (Magnetic field shaping) In order to produce an anisotropy bond magnet using 
the rare earth magnet ingredient powder of this invention created as mentioned above 
After mixing the binder of the magnet powder and thermosetting resin, or a low -melt 
point point metal (low melting alloys) by the proper ratio, press all over the magnetic 
field of 10 or more kOes, or The approach of carrying out injection molding of the 
compound which blended, carried out heating kneading and obtained the magnet 
powder and thermoplastics by the proper ratio all over the magnetic field of 10 or more 
kOes is employable. What is necessary is to form a Plastic solid without a magnetic field 
and just to perform the afterbaking hardening processing, after mixing the rare earth 
magnet ingredient powder of this invention for equalization after combination by the 
binder powder and proper ratio of the above-mentioned resin or a metal (alloy), in 
producing an isotropic bond magnet. 

[0028] (Magnetization) 15 or more kOes of things performed more preferably in the 
magnetization magnetic field of 20 or more kOes of the magnetization activity for giving 
sufficient magnetism for the above-mentioned bond magnet are preferably common. 
[0029] Next, the evaluation approach of each physical-properties value of this invention 
is explained concretely. 

(Measurement of mean particle diameter) The mean particle diameter of the 
above-mentioned magnet ingredient powder measured the volume nominal diameter 
distribution using the laser diffraction type particle-size-distribution measuring device 
(the product made from GALAI, CIS-1 mold), and asked for mean particle diameter 
from the distribution curve. 

(Measurement of magnetic properties) iHc of the above-mentioned magnet ingredient 
and saturation magnetization (sigma) mixed the specified quantity of the magnet 
powder with resin, stuffed it into the copper container, and were measured using the 
oscillating sample mold magnetometer (Toei Industry VSM-3 mold). iHc of a bond 
magnet, the residual magnetic flux density (Br), and the temperature coefficient (eta) of 
iHc were measured using the account fluxmeter of** (Toei Industry TRF- 5 H). 
[0030] (Component analysis) Nitrogen, hydrogen, and oxygen were analyzed by the 



gaschromatography heatconduction detecting method among the configuration 
elements of the above-mentioned magnet ingredient using N, O, and H gas analyser 
(EMGA1300 by Horiba, Ltd.). Moreover, M elements, such as 2 potassiumchromate 
volumetric method and Ti, and B analyzed rare earth elements, such as Sm, with the 
oxalate weight method, and Fe analyzed them by the inductive-coupling mold 
plasma-emission-spectrometry method. 

[0031] (Oxidation-resistant evaluation) After leaving rare earth magnet powder for 168 
hours in the thermostat held in atmospheric air at 90% of 100 degree Cx relative 
humidity, it took out, iHc was measured at 25 degrees C, and the oxidation resistance 
which is percentage reduction was searched for as compared with iHc in 25 degrees C 
before putting into this thermostat. Namely, =(oxidation resistance) (iHc in 25 degrees 
C of magnet powder after thermostat processing) /{iHc in 25 degrees C of magnet 
powder before thermostat processing) xlOO (%) It is the defined value. It excels in 
oxidation resistance, so that this value is small. 

[0032] Next, this invention is not limited by these although an example explains this 
invention. 

(Examples 1*12) In order to see correlation with B addition and a magnet property, the 
rare earth magnet powder shown in Table 1 was produced and evaluated. First, it 
blended respectively so that it might become the hardener presentation corresponding 
to the nitride magnet powder of the examples 1*12 of Table 1 using Sm, Fe, Ti, and B of 
99.9% of purity, and it dissolved with the RF fusion furnace of an argon gas ambient 
atmosphere, and each hardener corresponding to examples 1-12 was ingoted. Then, this 
hardener lump was continuously performed 1150 degrees C and homogenization of 20 
hours and ground using the jaw crasher and the disc mill in the argon gas ambient 
atmosphere. When the X diffraction of these hardener fine particles was performed 
using Cu-K alpha rays, it checked that all diffraction lines could carry out indexing as 
R3 (Fe, M, B) 29 phase. Next, each above-mentioned hardener powder was taught to the 
ambient atmosphere heating furnace, heating maintenance was carried out in the 
nitrogen gas latm air current in 450 degrees C for 5 hours, and nitriding treatment was 
performed, and it annealed at 420 degrees C in the argon air current continuously for 1 
hour. When the X diffraction of each of these fine particles that carried out nitriding 
treatment was performed, it had shifted to a side whenever [ low angle-of diffraction ] 
and N atom invaded into a hardener crystal from the X diffraction pattern of R3 (Fe, M, 
B) 29 phase obtained with the hardener, it has checked that that crystal lattice had 
spread. In this way, the result of having reached in the strength of the presentation of 
the nitride magnet powder of the acquired examples 112, mean particle diameter, and 



the saturation magnetization in 25 degrees C (sigma), and having measured the 
temperature coefficient (eta) of iHc and iHc in 25-100 degrees C was shown in Table 1. 
Here, the whole of each measurement in following each example and each example of a 
comparison is performed on measurement and these conditions of Table 1. 
[0033] (Examples 1-6 of a comparison) As shown in Table 1, while considering as the 
hardener presentation which does not contain B, the nitride magnet powder of the 
examples 1-6 of a comparison shown in Table 1 like an example 1 was produced and 
evaluated except having changed mean particle diameter. Generation of Sm2 (Fe, Ti, B) 
17 phase of Th2Znl7 mold, alphaFe, and/or a Fe Ti phase was accepted in the hardener 
powder before the nitriding treatment of these examples 1-6 of a comparison that do not 
contain B. 
[0034] 
[Table l] 
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[0035] The effectiveness of compound addition of B and M element is clearer than Table 
1. That is, in the examples 1-12 0.1- pentatomic % Containing B, while high iHc of 8 or 
more kOes is obtained covering the mean particle diameter of 20-500 micrometers, the 
temperature coefficient (eta) of iHc is also known by having good thermal resistance or 
more by 0.45. On the other hand, it turns out that iHc is -0.53 or less and each thing of 
the example of a comparison which does not contain B is inferior to thermal resistance 
also in the temperature coefficient (eta) of iHc by less than 3 kOes. 
[0036] (Examples 13*15) In order to see correlation with R quantitative formula, and the 
class of R component and a magnet property, while manufacturing the magnet powder 
shown in Table 2 by the same actuation as the above-mentioned example 1, saturation 
magnetization (sigma) and the temperature coefficient (eta) of iHc and iHc were 



measured except having considered as the mean particle diameter of 72 micrometers, 
while making it the magnet powder presentation shown in Table 2. 
(Examples 7- 10 of a comparison) Except having made it the magnet powder 
presentation shown in Table 2, while manufacturing the magnet powder shown in Table 
2 like examples 13-15, saturation magnetization (sigma) and the temperature 
coefficient (eta) of iHc and iHc were measured. 



[0037] 
[Table 2] 







a 

(emu/g) 


IHc 
(kOe) 


n 

(VC> 


mmwi 3 


Sma 3FebalB2.0T i4.0N12. 1 


130 


8. S 


-0. 35 


1 4 


Sm6. 2P r2.0FebalB2. OT i 4. 0N12. 3 


125 


8.8 


-0. 37 




Sm5. 2P r3.1FebalB2. OT i 4. 1N12. 9 


122 


8. 1 


-0. 35 




Sm3. 9P r4.4FebalB2.0T J 4. 1N12. 9 


12S 


2.8 


-0. 63 


fcttt«8 


Sm2. 2P r6. lFebal B2. OT i 4. IN12. 9 


120 


1. 9 


-0.64 




Sm3. 2FebalB2.0T 14.0N10.3 


136 


2.5 


-0. 59 




Sml9.3FebalB2. OT 14. 2N12.4 


89 


3. I 


-0.54 



[0038] Table 2 shows that the temper ature coefficient (eta) of iHc high when Sm ratio in 
R component is more than 50 atom %, and low iHc is obtained. 

[0039] (Examples 16-20) In order to see correlation with R quantitative formula, and the 
class of R component and a magnet property following the above-mentioned table 2, 
while obtaining the magnet powder shown in Table 3 by the same actuation as the 
above-mentioned example 1, the temperature coefficient (eta) of magnetization, and iHc 
and iHc was measured except having changed mean particle diameter into 130 
micrometers, while making it the magnet powder presentation shown in Table 3. 
(Examples 11-14 of a comparison) The same evaluation as examples 16*20 was 
performed except having considered as the magnet powder presentation of Table 3. 
[0040] 
[Table 3] 
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[0041] Table 3 shows that the temperature coefficient (eta) of iHc high when Sm ratio in 
R component is more than 50 atom % and R component is five to 18 atom %, and low iHc 
is obtained. 

[0042] (Examples 21-24) In order to see correlation with a nitrogen content and a 
magnet property, while obtaining the magnet powder of Table 4 like the 
above-mentioned example 1, saturation magnetization (sigma) and the temperature 
coefficient (eta) of iHc and iHc were measured except having set to 120 micrometers the 
magnet powder presentation and mean particle diameter which are shown in Table 4. 
(Examples 15 and 16 of a comparison) The same evaluation as examples 21-24 was 
performed except having considered as the magnet powder presentation of Table 4. 
[0043] 
[fable 4] 
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[0044] Table 4 shows that the temperature coefficient (eta) of high iHc and low iHc is 
obtained in the examples 21-24 in which 4-30 atom % content of nitrogen volume was 
done. As shown in the examples 15 and 16 of a comparison, the time with less nitrogen 
volume than pentatomic %, and when [ than 30 atom % ] more, iHc is the value of less 
than 3 kOes low. 

[0045] (Examples 25-29) In order to see a magnet property when Co or nickel permutes 
Fe component, while obtaining the magnet powder of Table 5, saturation magnetization 
(sigma) and the temperature coefficient (eta) of iHc and iHc were measured by the same 
actuation as the above-mentioned example 1 except having set mean particle diameter 
to 170 micrometers, while changing into the magnet powder presentation shown in 
Table 5. 

(Examples 17-19 of a comparison) The same evaluation as examples 25*29 was 
performed except having considered as the magnet powder presentation of Table 5. 
[0046] 
[Table 5] 
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[0047] When Co and/or nickel permute a part of Fe in the range of 0.01 - 30 atom % from 
Table 5, while oxidation resistance improves, it turns out that the temperature 
coefficient (eta) of high iHc and low iHc is obtained. 

[0048] (Examples 30- 36) The amount of H and the amount of O which are contained to 
the magnet powder of each above-mentioned example were unescapable impurity extent, 
for example, H content was [ 50 ppm or less and O content ] 5000 ppm or less in the 
weight % display. However, the magnet powder of this invention can contain H and O 
exceeding an unescapable impurity content by choosing manufacture conditions 
suitably as above-mentioned. In order to see the effect by the amount of H and the 
amount of O which were made to contain positively, while manufacturing the magnet 
powder of the presentation shown in Table 6, except having set mean particle diameter 
to 400 micrometers, by the same actuation as the above-mentioned example 1, the 
magnet powder of Table 6 was obtained and saturation magnetization (sigma) and the 
temperature coefficient (eta) of iHc and iHc were measured. 

(Examples 20-24 of a comparison) It evaluated like examples 30-36 except having 
considered as the magnet powder presentation of Table 6. 
[0049] 
[Table 6] 
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[0050] When 0.5 to 10 atom % and/or oxygen have hydrogen in 1 - pentatomic % from 
Table 6, it turns out that high iHc and high saturation magnetization (sigma), and a low 
temperature coefficient (eta) are obtained. Moreover, especially in the thing of each 
example of a comparison by which 0.5 to 10 atom % and/or oxygen separated [ the 
amount of hydrogen ] from the range of 1 - pentatomic %, it turns out that the 
temperature coefficient (eta) has deteriorated. 

[0051] (Examples 37*44) In order to see the effect to the class of M element, and the 
magnet property of a content, while making it the magnet powder presentation shown 
in Table 7, except having set mean particle diameter to 170 micrometers, by the same 
actuation as the above-mentioned example 1, the magnet powder of Table 7 was 
obtained and saturation magnetization (sigma) and the temperature coefficient (eta) of 
iHc and iHc were measured. 

(Examples 25 and 26 of a comparison) The same evaluation as examples 37-44 was 
performed except having considered as the magnet powder of Table 7. 
[0052] 
[Table 7] 







a 

(emu/g) 


i He 
(KOe) 


V 

<X/"C) 


$Sfl60J3 7 


Sm8. 3F ebal B2. OT I 1. 0N12. ] 


132 


8.3 


-0. 37 , 


^J68#J3 8 


Sm8.3F eba!B2. OT 18. 0N12. 1 


112 


9. 7 


-0.36 


*ttt#I2 5 


Sm8. IF ebal B2. OT i 0. 5N9. 9 


122 


3. 1 


-0. 51 


^i&W3 9 


Sm8.2F ebaIB2. 0Mn20. 2N12.9 


119 


10. 1 


-0.38 


^flfi#J4 0 


Sm8. 2F ebalB2. OMnSO. ONI 2. 9 


92 


8. 1 


-0.42 


6 


Sm8.2FebalB2.0Mn6O.0N13. 9 


72 


3. 1 


-0.50 


HMtflU 1 


Sm8.3F ebalB2. OV10. 1N11. 9 


120 


11.9 


-0.33 


ISKflU 2 


Sm8. 2F ebal B2. OA 1 4. 0N10. 3 


126 


12.5 


-0.36 


^JHEflN 3 


Sm8.3FebalB2. OT i 4. 2 Z r 8. 2N13.4 


119 


12. 1 


-0.34 


^6*14 4 


Sm8.8F ebalB2. OC rl 6Nb7. 2N10. 4 


125 


10. 1 


-0.39 



[0053] Table 7 shows that the temperature coefficient (eta) of iHc high when M element 
is one to 50 atom %, and low iHc is obtained. As shown in the examples 24 and 25 of a 
comparison, when there was no M element in this range, it turned out that iHc does not 
improve even if Sm3 (Fe, M, B) 29 phase does not carry out little deer generation but 
nitrides in a hardener. 

[0054] (Example 45) The hardener corresponding to the following magnet powder 
presentation which added Cr as an M element and permuted a part of Fe by Co was 
carried out after the ingot, coarse grinding of the hardener was carried out in the one 
mol % [ of oxygen tension ] nitrogen air current on the same dissolution conditions as 
the above-mentioned example 1, and the sieve adjusted to the average grain size of 125 
micrometers. This Sm-Fe Co B Cr system alloy powder was annealed in the argon air 
current of oxygen tension 10*5atm for 1 hour, after performing nitriding treatment of 5 
hours at 460 degrees C in the ammonia-hydrogen mixed -gas air current of ammonia 
partial pressure 0.35atm and hydrogen partial-pressure of gas 0.65atm. The ball 
milling of Sm9:4Fe64.lCo4.0B1.0Cr4.5Nl6.5H0.5 [ with a mean particle diameter of 74 
micrometers obtained ] was carried out for 30 minutes in the cyclohexane. The mean 
particle diameter of the presentation of this pulverized powder was 36 micrometers in 
Sm9.2Fe64.0Co4.0B1.0Cr4.5N16.0H0.5Ol.0 at atomic % display, this magnetic powder 
iHc • 8 - the temperature coefficient (eta) of kOe(s) and iHc was a good value of 



-0.31%/degree C. 

[0055] (Example 46) The piece of thin film integrated circuit casting of about 2mm of 
board thickness was obtained using the congruence roll type strip axle-pin rake who 
installed the two copper roll with a diameter of 300mm for the alloy molten metal 
dissolved with the RF fusion furnace under an argon gas ambient atmosphere after 
blending with the hardener presentation corresponding to the following: nitride powder 
using Sm, Fe, Co, and B of 99.9% of purity. While teaching the 
atmosphere heat- treatment furnace and supplying the hydrogen gas of latm after 
fracturing said piece of casting below on 50mm square, by making it the back vacuum 
which it heated [ vacuum ] to 500 degrees C and made hydrogen absorb, performed the. 
dehydrogenation, it was made to collapse by hydrogen absorption, and coarse grinding 
was carried out to the mean particle diameter of 100 micrometers. This Sm Fe B Cr 
system magnetism powder was taught to the atmosphere -heat- treatment furnace, and 
was heat-treated in 460 degrees C for 7 hours in the mixed air current of ammonia 
partial pressure 0.35atm and hydrogen gas 0.65atm. Then, annealing was performed for 
30 minutes at 400 degrees C in the hydrogen gas air current, the presentation of the 
obtained nitride fine particles - atomic % display - Sm9.4Fe67.lCo4.0 
B-2.0O4.5N18.5H2.5 and saturation magnetization (sigma) - 120 emu/g and iHc - 9 - 
the temperature characteristic (eta) of kOe(s) and iHc was 0.34%/degree C. the place 
which observed this magnet powder with the electron microscope - Sm3 (Fe, Cr, B) 29 
Aiuchi - Cr with a magnitude of dozens of nm - the rich sludge was accepted. 
[0056] (Examples 47-53) In order to evaluate a bond magnet property, after choosing the 
thing of the presentation shown in Table 8 from the magnet powder produced in the 
above mentioned example and mixing these with an epoxy resin, it pressed by press ** 
10 ton/cm2 all over the magnetic field of lOkOe, 140 degrees C and heat treatment of 1 
hour were further performed for hardening, and the isotropic bond magnet was 
produced. The magnetic properties of these isotropic bond magnets were shown in Table 
8. 

[0057] 
[Table 8] 









Br 

(kG) 


bflc 
(KOe) 




(Bffinas 
<MGOe) 




Sm& 3F ebalB2. OT i 3. 0N12. 1 


10 


9.0 \ 


6.2 


-0.38 


12.6 




S ma 4F e bal B2. OT i 8. 2N 12. 6 


70 


8.9 


6, 1 


-0.37 


12.8 


9 


Sm8.2F ebalBLOT I3.0N12. 3 


260 


9.0 


6.8 


-0. 39 


12.9 


mmnso 


Sm& 2F ebalB2. OT i 3. ON 11. 9 


SOO 


9.1 


5. 9 


-0. 40 


12.0 


mams 1 


Sm6. 2P r 2. OF e bal B2. OT i 4. 0 
N12.S 


70 


8.5 


6.8 


-0.38 


12.2 


hums 2 


Sm8. 3F ebalB2. 0T 1 3. ON12. 1 
HQ. SOI. 1 


170 


9.2 


6.3 


-0.36 


13. 1 


^5 3 


Sm&3F ebalB2.0CrS.6Nb7. 2 
NIO. 4 


220 


8.7 


6. 1 


-0. 38 


12.4 



[0058] Table 8 shows that the isotropic bond magnet of this invention has the good 
magnet property. 

[0059] Each Curie temperature of the magnet powder of each above-mentioned example 

had the good value of 480**20 degrees C. 

[0060] 

[Effect of the Invention] While being able to offer easily rare earth magnet powder with 
the high temperature coefficient (eta) of iHc and iHc covering the mean particle 
diameter of 20-500 micrometers, a rare earth bond magnet with the outstanding 
oxidation resistance and thermal resistance can be offered easily, and it is industrial 
very useful. 
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[SUS] i Hc&*£\<^kt iyK'&XiZit^X i He 
©ifiS^ffc (77) as/h£VM&££ttKffii-i*:#±fBl3£& 

^ifi^RaF e 100-( a + 0 + v + 6 ) 
M/3ByN8-CifctK ^S*5<tt?/'*fcfi7 , N^<0^ 
^ffijtSr^TbfcR3 (Fe, M, B) 29Ny££*aiL 

Sfcfi2a^±-C*>f v JjfJfEMttAK Ti> V. C 
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a, ww^-m^ia*fcj*2aKA±d>e>^*), naie 

0. 1 ^5 
4^6^3 0 



ttKl ¥1 0-241 923 



[f»jfc*l] ^ifi^RaF elOO-(a + 3 + v + 6) 
M/3B7N8 mm&ts£&/HtHttJj&<Dl& 
S«jtSr^"bfcR3 (Fe, M, B) 29NySr£ffitL. 

£fcfi 2 «EA.t ifrlEMfiAl, Ti, V, C 

r.Mn, Cu, Ga, Zr, Nb, Mo, Hf , T 

a, 0, 7, 8ttm^B-^-eTIEro«5HtCfc5rtSr 

Slag 1 8 

0.1^7^5 
415 13 0 

[f»#JB2l j£#j|fi/&riSRaF elOO-(o + 0 + v + 5 + 
tH)Mg BvNSHt O.C-e*>9s JjM4tft:fc £ tf/ 3: 
fc»4^^a3ifeS*3tSr*UfcR3 (Fe. M, B) 29 
N y Sriffi k Itt^, BfFlERIiY'Sr^tp«r±IS7ES<0 

is V, Cr, Mn, Cu, Ga, Zr, Nb, Mo, 
Hf , Ta, WCO^-ftt^iai*fcJi2ay±^5>^ 
9, SfrlEa, 3, v, 8, £ , Ctt^&^*TTf5ro 

5 I a S 1 8 
11/5150 
0. lSv^5 
415 13 0 
0. 5g t gl 0 

[?»*«3] Fe^©0.0 1~30l^%SrCo 

1 * tcii 2 £IS«<D*±9H£S'fm. 
[fS#>£4] R^CD5 0M^-%W±dSSmT?fc2)£ 
t £#&£:^?>§f!#« 1 TjM 3 W^T ;ftd>Kf2«©#± 

I if 5 ] #±ffll8;&*mo¥*S>J&&tfS 2 0/i mJJt. 
±5 0 0 nmSlTV3bZZ.bi:&mb'$-5>mX&17bm 

[ff#iB6l R3 (Fe, M, B) 29N y ^(O^lgL 

M. B) 29NyffiO#ftifc**S6 0flsffi%UA±-C*>5£ 
t Sr#® i: -t-5H*JS 1 7iM 6 roi^-rixd>KiE«<0«r± 

*±®fii^«-^feo-C, 1?ijf5B£5*&;fcCD 2 5 ~ 1 0 0 
'CiZ*iVZ>®G1Z&?3 (iHc) <DU&&& (t,) *5_ 
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0. 4 5£t±-efc5i:i:t^, 2 S'CKfcMtSB^fiMK 
*J (iHc) #8 kOe&±-Cfc5wtS:^it5t 
±MftS4m. 
[i«*JS9] ^ffl^i5RaF elOO-(o + 0+7 + 5) 

fi«litS:^-UfcR3 (Fe, M. B) 29Ny$r±*Si:U 
HtrfERttY^^fefc^S^O^Ttv^ia 
*fcl±2agl±-efc!9, MIEMttAl, Ti, V, C 
r, Mn, Cu, Ga, Zr, Nb, Mo, Hf, T 
io a, WWV>'fix^ia*fcfi2aW±/6 i e>^t), fltrlB 
a, 0, 7, 6ttHT5^-eTISO®ffl»cfo5%±S 

T, MfE* V Kfl£54> 2 5 ~ 1 0 OtlCfclt SE^NSlfc 
2> (iHc) £>tfiS^fc& (t,) *S-0. 4 5E1±-C*j5 
ttfefc2 5'CI:*5lt5(S»X) (bHc) ^6kOe» 

5 I a I 1 8 
11015 0 
20 0 . 1 £ 7 I 5 
416 13 0 

'[flMBSlO] fig^ffifigdSRaF elOO-(a + 0+7 + 6 
+ t +.OMJ B yN 6H t Ot "Cib 9 , lfc»fi*Sj:r// 
4fcl4^fiO^«it=Sr^LfcR3 (Fe, M, B) 2 
9N y Sr£*B t LT^, flWBR ttY tr£tr*±9(5EX 
©V>1**v*» 1 2nSJL±-C$> <0 , ffErlSMttA .1 , 

Ti, V, Cr, Mn, Cu, Ga, Zr, Nb, M 
o, Hf, Ta, W<DVN"fiX7!l i l«*fctt2aeJ(±^e> 
ft 9, fitTl2a, 0, 7, 5, £, ■ C »*WiFH^*-CTB 

TlfV MKTfcot, StFfEztfV Kflfc&<D2 5~ 1,0 0*C 

• te*sttaH*flt«A (iHc) e>m&«m U> 

0.4 5 glUh-?feS tit>K2 5 t>fc*St*3flNttA ( b 
He) #6 kOeSl±-ei>Z,Z.k&ffl$lk-+Z1ti±mtf 

5 ^ a ^ 1 8 

0. 1 ^ v ^5 
40 4^5^30 

0. 5 ^ £ ^ 1 0 

l»3Mll 1] fi»»3fij«3S5RoF-elOO-(o+-/J+7 + 
5)Mj3By N5T*fc9. *«ft*5 J:t5/*fctt^*» 
0»**Jt«r*UfcR3 (Fe, M, B) 29Ny£r£ffi 

lU^i2S£(±-efc9, tJISMfiA 1 . .T i , V, 
Cr/Mn, Cu, Ga. Zr. Nb, Mo. Hf> T 
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m*&ft*$imi-5izm lt« mt&mmz i o o~ i 

5 gag 1 8 
l§pg50 
0. 1 S v g 5 
4^6^3 0 

[§S5fcJSl2] fiK^iS^*5R a F el00-(a + 5+7 + 5 

*fcttA*S<Di^S«iiS:*bfcR3 (Fe, M, B) 2 to 
9Ny LT^f, HilfeRttY£r"&tf$r±S7c3i 

Ti, V % Cr, Mn, Cu, Ga, Zr, Nb.M 
o, Hf> Ta, WCV^f»ltSfcli2f«±*^ 
ft 9, tfJfEa. 0. v. 6, OilS^W^-CTfB 

ttkmmz 7 0 0 ~ 1 2 5 O'C-CJSK^AOiSSrfi 1 5 r i £ 

5 g a g 1 8 

1 g 0 S 5 O 20 
0. 1 gyg5 
415^30 
0. 5 S £ g 1 0 

[0 0 0 1 l 

[0002] *> 
[&3fcroStfff] ft* J: 9 . *±«jK^ K^ffla«9i: L 
-CjgjSJftLfcNd-F e-B^«&*5#ffl$^-CV^5*s, 
*3.y-taSdS3 0 0 < CM^tte<. (£A& 
i He tiE-f) <0ia&GM8c U) #*:#^*:«>Kii;i&-e 
<0^ffl*S$iJRB$ixT#fco Sifis Sm2F e 
gitS&®j8H-£ r t \z X V N d2F e UBit&VoX. 9 
1 6 OtfciSVM 7 Ottt^p*^ V-M.B^.^-f't t 
i>\Z s * O^ttBSI?- t>Nd2Fel4B it-&®)<omJj& 
B£|?- (7 5kOe) < ±135 2 6 0 k O e »C&5. 

Jilt^S. Sm2Fel7©tttSm2Fel7Nxll* 
X&it&mx-ypm£tlZ>&. Sm2Fel7NxGmro«ES 



4 

ICIott^^. Sra2F el7Nittt^ 

JCt>ThMnl2M©i^S«Jt?r*bfcNd (Fe. M) 
12Nx-g-& (MtiV, Ti, Mn, Mo^Wg^JK) 
*\ TbCu7S©i£.l#l&£*L.rt:SmFe7Nx-&& 

v£.mmmxM=>* h\zt£?>%<Dm&xmmik£iix 

[ 0 0 0 3 ] Col locott b\ZX^ TSID^Proc. 12th 
Int. Workshop on RE Magnets and Applications, 

Canbera, pp. 437-444, 1 992 (unpub 1 i shed) \Z $ 
*W5:R3 (Fe, M) 29^&fc-?:tf>gfl;$)R3 (Fe, 
M) 29Nyd5-tt8$^*ttSr*-t-r i: *»C>7kAB£&*t 

<£>Sm3 (Fe, Ti) 29N y -g-^SrJK— /W? /VT? 5 ?^ 
3feg 1 5 a ml £ -Cfitflfcfe 

£4x5 ^ i #Bo-Ping Hu et al. (J. Phys.* : Condens. M 
atter 6(1994)L197-L200)tC«toT«©StVC^5. L 
d>U rwbOt^liiS* 5 1 5 nmt'h£\<^tiL#>f&M 

LT*ffl<k-f 5r tttHLVV Margarian e 

t al. tt x J.Appl.Phys.76(1994)6135-61S5l;i*;V->-t;: 
©R3 (Fe. M) 29<&&ttHmz7f&feX9 0 0~1 
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fc*5oTr<DR3 (Fe, M) 29^-&ttSi&T05^i£ 

(Fe, M) 29^<D*ffiSr#5^i:«^^StL<, 
T h M n ^S^T h 2 Z n 17SOi^ft«jt Sr^S R 
(Fe, M) ^&^F e-M-&&##fi?K£fi£L^O 

-e*>5. 

10004] »H¥8-1 1 1 3 0 5"Cttr©R3 

(Fe, M) 29-&&£fflVNTN£fcf4CS:3i;M-5ri: 

R3 (Fe, M) 2m&&*ftQl>fc<Dh\ZT^*:-T 

Srff 5rir»c«t!?±fS<oSm2Fel7^-&Wc:N. CSr 
^ALfttttl^JdN. C#R3 (Fe, M) 29ffi<?5 

mm&*m? x&&mit*i v -mm&m* 

ix5i65, »M¥8-1 1 1 3 0S-efiC#gte*&3lnJ<O 
e^t-^ltu-fr^-io-CRS (Fe, M, C) 29ffi 
Sr^^k$*5i:^fc5^«:»-&^ [ P<0R3 (Fe, 
M, C) 29*8<98«-&&iSfc5&idS:mfcL.-C^3 
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(4) 
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ttftVN, 
[0 0 0 5] 

(6]±i--5fc«)tw(i i Hc co*6Jttfi£S:iS<-rst ttt- i 
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5l»*d5^S-Cfc5. mieUfcJ; e-N&-£& 
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[36B£a?8H-5fcfctf>3M§S:] ^SIW*^!**^ KB**? 
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^^«&5l5©^»ftiiB^ktti:iBi«S;^#^i: *mk1rZ> 
2 0m m£A±OTfi«&-Ci^ iHct 
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•f^ia*/ttt2agAJi-C*)!). ftJfEMttA 1, T 

i , V, Cr, Mn, Cu, Ga, Zr, Nb, Mo, 

H f , Ta, WtDt^TH* 1 1 ftifcli 2®£i.±A»tjft so 



5 

0. l^y^5 

[0 0 0 7] ±IE#±^5£^Ri: U-CliY, La, C 
e, Pr, Nd. Sm, Eu, Gd, Tb, Dy« H 
o, Er, Tm, Yb, L u *U&» 1 «*fci*2fll 

^TE^Ri: UT»iY, Ce, Pr, Nd, Sm, Gd, 
Dy, E r <OI,>-ftU*>l«*^li2tt^±t?fo«j, 2<b 
lC$f£ L< l±Y, Ce, Pr, Nd, S m<OV vf 1 
a*fc»i2«£l±T?fc«9, ^|C»^ U^ttSmTfe 
5 0 lit, ^±«5c*RfiX|i6<j^lc«ti?A^tB 
ft*B£-?±<, iSjg±)!lA*s®»tib*vft^O, H, C, 
Al, Si, Na, Mg, C a ^W^FiNE^^^W* 
*i/C^Tt><}:i,\ #3^©*±Jg^*mttRJfc»'S:5 
~1 8fll^%**Ta. R^*S5M^%*iH-ft5i 

TU 18 % £«;t 5 £ #fl£tttf> R!) y 

^fet-SF* W^Rj&#«5fflti:6~l 2©iF-%Ti55 4 
[000 8] F e fi 4 7 JR-?-%£l±££4r-*'$ C t 
* IA\> F e # 4 7 j^%*^T?f*&fnB^fctf s /h£ < ft 
«7#i:L.<ftV\, 

[0 0 0 9] ±IEM7E^fiB7C^i:«)*#T»C*5V^TR 
3 (Fe, M, B) 294S£^;££-fr, «t 9 

tC^b^fW^ia«SrJi#$-e-5W^^-efc5o R3 

(Fe. M, B) 29te£r£/&£-£3iwg-r3M7C^<08s 
)iD*»4M5c^roa5gfe(caft5i6 s , Mtc^<© t> 
5 0m*%&mZ.xmU-r5k. ThMnl2§!<0^1f 
jfSr^Ti-^R (Fe, M, B) 12ft<D±f&m&*% < ft 
(3 i H c asj&SHwffifF-f-S. Mt£IS*5 1 /i^%*fs-ett 
Th2Znl7SWifeS«ljtSr*-f-5R2 (Fe. M. B) 
17ffiCD^^5^t<ftOR3 (Fe. M. B) 29*S<0 
^ait^SffiMWl-'tSTU, ^-ftbfc»*L<ftV\ «fc 
o-CM5c3^<0*f* LV^Pfi»41~5 0^%-C*j5 o 
M5c^<Op*>-C»* LW^7C^»4T i , Mn, Cr, Z 

r, V<OV^lX*»l«*fcH2tt^±t , fc5. R3 (F 
e. M. B) 29ffiSr^-f-.5tCiiM7Elg*s^-C*)5 
dS, BSr-^Wbft^R3 (Fe, M) 29tet*±x&Oii 9 

L^^<0T?R3 (Fe, M) 29N y S*«©ft±S8l5 

[0 0 10] Sfc*w#W--5e-g-& , P0>R3 (F e. M) 2 
gWoSiJ-^AS^^ia-ftLTt^^^t^RS (Fe. 

m) 29ti y <D±&&mtm*^<o-c&:fttem&<mt&nb 
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MTim&X&^tcW&K 6 0«M».%«±#$ L< I* 7 5 
«:a%£A±W*te»Ci5l^it^R3 (Fe. M. B) 29 

©*3:-£-&l;:*Sl,''TR3 (Fe, M, B) 29*g CD 

;|WHcd5«>2»R3 (Fe, M, B) 29NytB©#&#] 
-&a*665fcc7>B : §r-&3:&l/'>R3 (Fe, M) 29*g£g'(fcL 

U^-&^*ttO. l~5IS^-%-e*>5. B#0. 1 
S!tf-%3iffi*s£XfiSm*%*1&Z.t>kR3 (Fe, M, 

b) 29N y m<mm^^tti:om(r>m^-'$m^< 

tj:^<DX»^L<^\ i-^fe*>. R3 (Fe. M. 
B) 29taSr^^t-t-5^ffltt±l5BS^jq*CO«SHfCfc?> 
t#lc^$tu5©-e*>5 0 w<o,t 5&$t*<oB8siP»c 
i?. ; t^itttt-H*-e*nbixTv^<cv\ 0<Jx.tf, Sm2 
Fel7^l:B, C, NZmx-X\>^1Zb%<om®V& 
ldOV^T\ H.Horiuchi et al (J. Alloys. Comp. 222(19 
95)131-135)®tt&l£ £fttfCtt£) 7Jg(?-%, Nf*#l 1 
4 J£T% * "C BfcPf <5<£>lc3tf LB 1 J5«-% ST?y> 
H^-fr-f, BW@^KJ;5teT-wteas<?io<fctf*3.y-- 

tc^o^AJc «fc •? *&^re8E8toi£35£*a o fc fc <oxh 
■J, ^B^©J; 5^m*<OB^!lPt-J:!5JblE±le^^ 

#$8KK:fctt 5 B t M7c^W*#^l*-hlEtOii 9 
-&tpc7>R3 (Fe, M. B) 29*B<D:fiqflE#J-a-£ii5*-C. 

Um\Zt$\,^XR3 (Fe, M) 29*i#£5g#JP$tfU3& 

^•li-S^bfc^Uffi : R3 (Fe, M) 29N y # 
^^•C a F e *$&±l&, U"C bfttzM&&Pr<0 
<l&TlrZ>1fi. #3g|!§<D^fiBSrigft8s 

ffW2c5£{fc»Cfc;frSbt?;fc5. £feK> BSsflPlCfcoTR 
3 (Fe, M, B) 29*B(Dgc)£teK$ J M-5M5c3t<D-£ 
^naSffl* s ^Jl50R3 (Fe, M) 29ffi^^fClt'<TZ£ 

[ 0 0 1 1 J R 3 (F e , M, B) 29fglc3|A£i'V*g 

4 ®^%*fi§-Ctt^t *s(6: < <e * i i: fc K > 30 ®?-% 

$f* H/^g^N<D-&*-S»il 0~2 0J5T-%-C*>5. 
[0012] FeOO.O 1 ~ 3 0JBS^-%3rC o 



(5) 

tttJw i He (u) ^^t/f-ss^ttttiai 

±i--5S3)*i 5 *> ; 5 0 C o*3«J:tV3:fcti:N UCtSF e 
S^ftro«t9»*LV^H(il~2 0^%T?*>5. m. 
3 OlP/oSriiS £IS?PBSJit3e£*i«fctf i H c 

[0013] *SWOR^»© 5 0 IS^-%EJl±$f£ L- < 
»17 0%£A±SrSmti-5^i:^J;!3. ^StoTSvM 

^^(DJFl^KSSr 2 0~5 0 0|tmi:i-5r.t*s#4 
L^. 2 0m mstetd^ttBMkK: *5fift#fl::fe *tfJ*» 
tt#fla&*Be»*:fc?K 5 0 o Mm^jex^tii^og-ft 

i$iBg<E>«SHfi 3 0~4 0 0 *imt?fc-5o R3 
(Fe, M, B) 2 9Nyffi«D^ififcrtl::M7£^*fc«i 

20 i H c <DfflM&$k <n) £#5 r. b #"C# 5c 

[0 0 14] 4fc. *l8P^tcJ;nff^±®«H5«-^^fc- 
(t-5R3 (Fe, M, B) 29N y ft<D&&.it&& 6 0ft: 
L< l±7 5fta%©tcD«:^lc:f^5Jtg-Cfo 

[0015] #»9itt. -trom^*&*^iSi^s 

m**mf&-rz$:±mm*ttnxh^x. ift&m*Bm 
<o2 5~i o ot:tci3»t5@^a^ (iHc) ©tag 

(tj) #-0. 4 5W±-Cfc5i:i:t>JC, 2 5"CtC 
so tSrtZ>®m#Mti ( i He) kOe£(±-Ci)2»wt 

[0016] *58l^tt, f&#*&j*#R a F e 100- 

(a + 0+y + S + £+C)M0ByN5H£ OCT?fc9, * 
^S*5.tU J /*fctt^*^«>^1S5ctSr ; firLfcR3 (F 
e, M, B) 29Ny Sr±4Bt LT^, MfiERIiYSr^ 

tf^±«7c^<o^-rtv^i«*fc»i2aei±-efc!?, str 

ISMfiA I , T i , V. Cr, Mn, Cu. Ga, Z 
r, Nb> Mo, Hf, Ta, WCO^fh^lttfctt 
2«Jei±* i b<C9> fllfSa, 3, 8, £, C»*^ 

«o Eftmx>Tm<»mMzib?>zbt:<&mk-fz>%:±mm.* 

5g«gl8 
1^US50 
0. 1 gy^5 
4^5^3 0 
0. 5^(^10 
li(^5 

so SI#eo|g-(k«tt«&»c*5l>-C7K^HSrO. 5~ 1 0®^% 
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9 

id±V/$.tctemmoZ: 1 ~ 5 

t£o *f!?£0. 5-1 0®^%^£#£-iig<fc;tf>$b 
s££l*]±£-££>8!)*#fea<, wHfigEKR3 (Fe, 
M, B) 2 9ffi»£#^LT^5*iii£rg31*SB#&;t-c 
VKfc«)^S^Ffa-e^d5R3 (Fe. M, B) 2 9*1 

#£^5. L*»U *H;&S0.5 
^%*SSt?tt-t»^i** J ©» 6>*vJ\ 1 0 

i* i ~ 5 ig^F-ro-gw Lfc^g-i- i h c <om&&& ( tj ) 
btiz* eesiirt 5 1 

[0 0 17] 4fc. *JBW»4±iao»«*>*8»»*Sr 

^(7)2 5—1 0 0 < C»CtJ|-t5B*«my3 (iHc) tf> 
JOKflMR U) *-0. 4 5EA±-Cfe5i t tK, 25 
'CK&ttS&Bfcft (bHc)i56kOeW±f&5ri 

[0018] *38Wtt» gt&m&tfR a F e 100- 

(a + 0 + y + 8)M0 B yN«-efc9, l^fllJb* «fctV* 
fcttA#ft©IMMfl3&*:*rLfcR3 (Fe, M, B) 29 
NySriftt Ut^ tfrfBRiiY£^*fc#r±S7c3i 
<^Tfttf> lfi*^,* 2 «W± HftfEMliA 1 
Ti, V, Cr, Mn, Cu, Ga, Zr, Nb, M 
o, Hf, Ta, WWl^ftj^lS^fci^SeU:*^ 

ft!K ffilEa, ,3, 5 teJB^&^-rrFfEOSSHK 

7 o o~i 2 5 ox^-c^imitf^m^n o r t&ft&k-r 

5^ogl8 
1^0^5 0 
0.1^7^5 
4^6^3 0 

[0019] #3gS>?.±, J*^ifi^*SR a F e 100- 

(a + 0+Y*S + £K)M0ByN5H£ OfCfcU , * 
^fi*5j:U 5 /*fc»iA*aro^S«jgSrWL.fcR3 (F 
e, M, B) 29Ny Sr±*B£ LT^^ fltFfERttYSr^ 

tf#fr±S5c^ro^-rtv^ia*fcii2aw±-e*)t), w 

I5MJ4A 1. Ti, V, Cr, Mn, Cu, Ga, Z 
r, Nb, Mo, Hf, Ta, W(0V^-Ttl*> 1 «*fc»i 
2«6U2*»b*0, IWBo, 0, v, 5, .t, CttW?- 
W«5H K fe 5 *±«»5«-»Sr»3irt- a 

fgLT, »ftfiilllC7 0 0-l 2 5 0 < Ct?$)SHfc;8iS 

a. 

[0 0 2 0] 

l^W<0H*fe<0^fl§] fiJlT44B9!*lttt-t-a. 



(6) 

10 

R 3 (Fe. M. B) 2 9 N y t9<0^*g<D"b 

£3 0 ropJtat LTTh2Z nl7S, TbCu7l, T 
h M n 129ft if OtSftlffJft*:*^-* R-F e -M-B-N^ 

£4S0>3WJt*tt 6 0 «ES(%«±*S»* U < , 7 5ttMS 
%EO:d'J:9#£U'\ R3 (Fe. M. B) 2 9Ny 
^&^*fc'tt*&fc«r±fc*M»-SR3 
io (Fe. M. B) 2 9ffiO^S»^-rafcS**seAUT 

SAtt^tRS (Fe. M. B) 2 9tt£l3(9:n 
9.4F e84.0B2.0T i 4. 5<7>iffij&© t><D£rilAy 

[002 1] ^m^A^6^±m^> ±15 
*l5l«ft«ll*fctt#y7S K«MB-*EEA»jnK*© 

Bfe^itaj^ft ^o^*poj«»*«fe*r«ffl-c# a« 

[0 0 2 2] #36Wfc:J:*Uf. R3 (F e. M. B) 29 

30 jgic^Kftsrof, ^3.y-ja^)Kj4 8 o±2 cc 

i « < »«3&ttfc«*ta 1 1 tfcJpWgT 2 0-50 
0^m<??*SlSV^«iS»C*3^ioTII&— ^cOiiSl/^ iHcitt 
tWHc ( 77 ) Sr'fir Ufc*±«8W»*«r« 

[ o 0 2 3 ] **W©ft«ttft»jtxeS:lftW-f- 

a c 

[00 24] (»^^<D88S) ^W^^tt^tttB t 
Mtc^ t ©«-&m*PJC «t •? »fc»afctt"f S.R-F e -M 
40 -B5K»-&& t P<£>R3 (Fe. M. B) 29fBCD-&*rJfc*£r 
ie*fct<0-efe2)o R-F e-M-B*^tt«ttfa 

n^v^ft^w^-rtv^Srfflw^tr-a-^k^Ha. ±ie^ 
so ftig^t«eu««^Sr<ST$-&aiiei:fta<o-e»* 
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-&^Sr*S4 , *fc»iT/v=f>'^^#H«,Tf 7 0 0~l 2 

sotxo. 5-100 tifffi'Dtia&gift-etsimt&m-t 

i>Zti>mt.L-\>\ «*©R3 (Fe, M) 2 9ffili± 

ta<7)ii»j 9 o o~ i o o o'C-ea-as-f-s^fcfci-u #38 

91T?»47 0 0~1 2 5 0 < Cir^5/£iM9K-(t«i®taSSr 

[002 5] (*M&) ±.&*&:X-®m L-fc**&»*fc 
ii^ *=*/WT n^r >^ Ufc tWSril^'fti-S i i: t 
"TIE-?*) 5 # , £{b*&4fe4>-tf-'rXd**:$i^&£4fctea 
^ra*sft< <t5©-C3fi^SrfToTSp*^«cflT5 0 0m 

^5<o-c»*b<, fl&rf, gte&JiitfjK 2 0 ^ m~ 1 

0 0 n m5t$$|, 1 0 0 n m~ 200/i m*fi§ x 2O0(i 
m~3 0 0(tm*I, 3 00mn~400/imfi t 4 
0 0 /im~5 0 OMmSJStt^ipl^tS tSfli 

ffcl«Stt?.500~1000 , CxO. 5~100«f 

[0026] m<t) *ft*n^\±teto<omk*mxm 
t>"z-tx*. mmxxtfrmifx 

»4e-&^mj5K(-J:oTS^5d5 3 O 0~6 5 QXltiWt. 

L^. #-&&<o«5Bic<fc'bi"3 o oK:&ffix$>z> tmit 
imtA^ifmn^-r. ^tce so'csrjgxst-B.^ 

#**fcS^teg£*fc5tM4*SSt:tf*'p-e3 0 0~6 
OOtxO. 5-5 0&ftflT--/U-tZti&mt). iH 



12 

[0 0 2 7] (^fiK^) ±ia©J:5^UT^bfc* 

bfc^fiaj^tf i o k o fe sx±<Dmm t PX'mffi!&M vtt 

[0 0 2 8] (mm ±IS©^V KBfcSK+^fcB^Sr 
W4-1-5fc«><0««a^»4»^ L< ttl5kOe EA±, 

«t o u < «: 2 o k o e u±(ommmmxn 5 r t & , 

[0 0 2 9] ^fC^BJco^-ifettffitOfFfflfi^lClo^T 

1f-|H]»f^!|5i^*jaa^{l (GALA I*tSk CIS. 
-IS) Srffl^T^O«s«ffi^^*Srai^U 

(m^ttosa^) ±is?K^fl-^<D i h c , mamt 

(Bt), iHcWtaS^ (17) »4£fBBS 
JKW- (*^XS? (*) ©TRF-5H) trfflVvcWjeL 

30 fc„ 

[0030] (fife^w) ±ftu*ttm<om&7cm<o 5 

( («) *8#Sifft9r£i<*>EMGAl 3 0 0) Srffl^T^f 

* d Agt* y ^ T i m<OMytm t B »4^i£ 

[0 0 3 1 ] (i»gE>(kttcoW«) «r±«^«&*Sr^^ 

f-ci 0 ccx^aarg o%»c^$ixfciim«rttc: 

40 l 6 8&fmtftW.LK.'&* m9mi>X2 SIC-C i He SrSI 
5tL, r<ois«aw»cAH2)«trrc»2 5"C»C*5»j-5 i He t 

tiS^ktt) = (Siaif *QrS^©m^r«&*<o 2 s'Ctz.is 
It5 i He) (titait teasfi©^«&^ro 2 5t:»C*i 

It5 i He) XI 00 (%) -CSSUfcfitXfcS. r. 
[0 0 3 2] *|gKSrHJ6^IC«tt)|JiWi-5*Sr 
(HiSCa|l-l2) BflsflQfii««#tt£<0ffi§|$:ji.5 
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(8) 



13 

*i\ *6S9 9. 9%©Sra, Fe, Ti, Bfcffll^T 

$t i <o$mw i~i2 <Dmimm*wmztti& Lfcs-a- 

Sija&^^-e^ b-cnis^j i~i2 

sot:. 2 oi$ra©i£R'(fc8yg3rm\ i^t:ce^ 

fflV>-Ctf-ofci:^5ESfitll»ii-^-CR3 (Fe, M, 
B) 2 9ffit U-Cm^f+tt-CtSr tSr5SSLfc 0 

fct^5S^^T#f)lXfcR3,(Fe, M, B) 2 9ffi 
0, N^A s f3:-&^ftt-«A-r5it^J:o-C^<Oi^: 



/4 

Mmm i - 1 2 <ommm*®3z<Dm&. 2 
5X;K:fcMt5&?nfl£fc©3&£ (a) axxfiHc. 25 

— 1 0 O'CK^ttS i HcOtBgfligc (tj) SrSl^bfc 
ife*Sr*llw^Lfc. ^w^C. TfE ! 8-3lifc{*J*5J:U t «-lfc 

[00 3 3] (ifc$50iil~6) ^1 Ic^-TJ: ptcBSr^ 

©JfctfctfiJ 1 ~ 6 (Og-fk«iSW(OS^*&*^HT h 
2Znl7l©Sm2 (Fe.Ti.B) 17fttaFe 
*5j:T//*fcttF e-T i mo£.l&&mV>(bfrtc 0 

[0 0 3 4] 

[Hi] 







(/tm) 


a 

(emu/g) 


iHc 
<k0e) 


1? 


1 


Sm8. 2FebalB2.0T 1 4.0N12. 7 


20 


129 


8.1 


-0.37 




Sm8. 2F ebalB2. OT i 4. 1N12. 9 


40 


133 


11.6 


-0.36 


3I&013 


Sm8.4FebalB2.0T i 4.2N12. 5 


1 70 


132 


12.9 


-0.84 


^5MH4 


Sm8. 3F ebal B2. OT i 4. 1N12. 7 


140 


132 


12.3 


-0.33 


5 


Sml 2F ebal B2. OT 1 4. 0N12. 3 


260 


130 


11.9 


-0.33 


^*SCT 6 


Sm8. 3FebalB2.0T i 4. 2N12. 4 


420 


128 


11.3 


-0.32 


1^801! 7 


Sm8.3FebalB2.0T i4.2N12. 4 


500 


131 


8.0 


-0.32 




Sml 8F ebal BO. IT i 4. 2N12. 4 


140 


129 


8.4 


-0.39 


SOW* 9 


Sm8. 3F ebal BO. 5T i 4. 2N12. 4 


140 


136 


11.2 


-0.38 


sidfeW 1 0 


Sm8.SF ebalBl.OT i 4.2N12. 4 


140 


134 


9.7 


-0.32 


satm 1 


Sm8.3F ebalBS. OT i 4. 2N12. 4 


140 


130 


10.3 


-0,39 


§&60!l 1 2 


Sm8.3FebalB5.0T i4.2N12. 4 


140 


126 


9.1 


-0.39 




Sm8.3FebalT 14.2N12. 7 


20 


132 


2.9 


-0.59 


imW2 


Sm8.3FebalT 14.2N12. S 


85 


130 


2.1 


-0.57 


Ytxm 3 


Sm8.3FebalT i4.2N12. 2 


240 


127 


1.8 


-0.S5 




Sm8. 2F ebalT 14. 1N12. 5 


490 


125 


1.9 


-a 54 




Sm8.3FebalB0.0ST 14. 2N12. 4 


130 


130 


2. 1 


-0. SS 


114*016 


Sm8.3FebalB6.0T i 4.2N12.4 


130 


119 


1.6 


-0.53 



[003 5]$1J:^ B tM5c;^c0^^tJD^**5 8 k O e W±CDiS^ i H c #&btlX^& t t t>K. i 

gb^fc^o B£0. l-5i^%^fcH HcOtaS^Sc (17) t-O. 4 5a±tS»«tt 

1-12 ttt 2 O - 5 O 0 m mlcbfco t so ^ LTt^ r t ti*t>frZ><> — Jj. B fcl^Jfcg^J 
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(9) 



IS 



(Ot><Dm^i"tli> i He #3 kO e5fcE&-0, iHcOJS 

[0036] (HlfefiSJl 3~1 5) Rfig^WftfcJ:^ 
Rj&#cD«3ai&*#tet<OffiBI$rJL5*:«>lc s *2K 



16 

*Hc. i H c Wi&ft^ ( j) ) Srfflje Ufco 

(it&m 7 ~ 1 0 ) ^ 2 ufcw 

c<0ffljftfcifc (77) &iffl5£Lfc 0 
[00 3 7] 
[*2] 







a 

(emu/g) 


i He 
(kOe) 


D 

<X/C) 


mmmi 3 


Sm8.SFebalB2.0T i 4. 0N12. 1 


130 


8.5 


-0. 35 


mfiwi 4 


Sm6. 2P r2.0FebalB2. OT i 4. 0N12. 3 


125 


8.8 


-0. 37 


I3£0V1 5 


Sm5. 2P r3. lFebalB2.0T i 4. 1N12.9 


122 


8. 1 ! 


-0. 35 


J*«fcl7 


Sm3. 9P r4. 4FebalB2. OT i 4. 1N12. 9 


125 


2.8 


-0. 63 




Sm2. 2P r6. lFebalB2. OT 14. 1N12. 9 


120 


1.9 


-0. 64 




Srn3.2FebalB2.0T i 4. 0N10.3 


136 


2.5 


-0. 59 




Sml9.3FebalB2. OT 14.2N12.4 


89 


3. 1 


-0. 64 



[0 O 3 8] ^2*»f>. Rjfca-*© Smiths 5 Offi.=f- 
[003 9] (fll£0ijl 6~2 O) _hlE*2iagc^TR 

1 3 o n mic^H ^it&Lft-te±$&nmm 1 1 mm*™ 



it. iHc, iHc<DffiM& i &. U) SrSI^L-fco 
(Jtlfc09l 1~1 4) *3©l8^*M^i Lfc£l*f* 

Hlfcfll 16~20i ID^cpfFffifctro fc. 
[0 0 4 0] 
US3] 







a 

<emu/g) 


I He 
(kOe) 


V 

WO 


6 


Sm5. OF ebalB2.0T i 4. 0N12. 1 


136 


8. 2 


-0. 39 


3S«Em 7 


Sm8.3F ebal B2. OT i 4. 0N12. 1 


132 


12.3 


-0.35 


««1 8 


Sm6. 2P r 2. OF ebal B2. OT 14.0N12. 3 


125 


10.8 


-0.37 


^19 


Sm6.2P r3.lFebaIB2.0T ?4.1N12.9 


122 


9. 1 


-0. 36 


^2 0 


Sml4.9P rl IF ebal B2.0T 14 1N12.9 


92 


10. 5 


-0. 38 


ttttMl 1 


Sm4. 8F ebal B2. OT i 4. ON10.3 


126 


3.5 


-0. 31 


tttWU 2 


Sml9.3FebalB2.0T 14.2N1Z.4 


105 


2. 1 


-0. 69 


tt&ttl 3 


Sm3.2P rl.6FebalBt.0T i 4. ON 11.3 


126 


3. S 


-0.50 


JtBSfll 4 


Sml5.5P r3.SFebalB2. OT 14 2N12.4 


95 


3.9 


-0. 59 



[004 1] g3<t9, R$#*OSmJfc^#s Of%* c iriSl* i H c <Dfflj£.&Wt ( rj ) ffi&htlZZ. k&t>t>* 

%a±-C7!i>oR^^5- 1 8JK^%<Di:^{cSV^ i H so 5 0 



(10) 



17 



18 



[004 2] mmm 21-24) m.m-£m&tm&& 

t*TO&&£ 1 2 0 n mt Lfc^»i±IBHJS€»J l £P3 
(o) , iHc, iHcWtI« (ij) SrSilJtLfc,, * 



* ottkms. i 6) m4<Dm*®mmf8.k Ltcutu* 

mfe^y 21~24t (SH^OfMffiSrfrofco 
[004 3] 
[*4] 







a 

(enu/g) 


iHc 
(kOe) 


V 


^J6W2 1 


Sm8.3FebalB2. OT 14. 0N4. 0 


122 


9.3 


-0. 39 


^2 2 


Sro8.3FebalB2.0T 14.0N15.3 


131 


10.8 


-0.37 




Sm8. IF ebalB2. OT 1 4. 1N20. 9 


138 


14. 1 


-0.38 




Sm8. 2F ebatB2. OT i 4. 1N30.0 


119 


9.8 


-0. 39 


tt&mi 5 


Sm8.2F ebalB2. OT 14. 1N3.5 


92 


2.9 


-0. 49 


J*»0U 6 


Sm8. 2F ebalB2. OT i 4. ON 32. 1 


106 


2.5 


-0. 61 | 



[0 0 4 4] *4*>fe^**S4~3 0^%^m^iX 
tzmM&l 2 1 — 24 -CteiBiV^ iHcifiV^iHc <OMM 

mt. u) i>mb*izz.k&i?t>*5o itmmi 5, 1 e 

\zm^£?\z&mm&sm : f-%J:'0 h'J?*\<^b% b 3 
om^/oX 9 t>#V>i i Hc^(5:< 3kOe*H 

[004 5] (HJ£0iJ2 5-2 9) F e/£#£C o£fc 
»4N i -e«&Lfc^cD18^m4S:Jl**:«>^ $5K3K [*5] 



m5<om^B^mt b t>K, ttftttfl: (ff) , iH 
c, i.HcOalTAK <u) £i8lJ£Lfc 0 
(Jfct&flll 7—19) *5<OBfcElB&5feiafi£i: LfcUWMi 
%mm 2 5-2 9 t III«l05WffiSrfT-ofc, 
[0 0 4 6] 







a 

(enu/g) 


iHc 
(kOe) 


n 

C*/"C) 


mmt 
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